CLAIMS 



We claim: 

1 . A mesoporous silica film prepared from a surfactant containing sohrtlon, 
having a dielectric constant less than 3 that has both a relative stability and an absolute 
stability in a humid atmosphere, a film thickness from about 0.1 urn to about 1.5 |im, and 
an average pore diameter less than or equal to about 20 nm. / 

2. The mesoporous silica film as recited in claim 1, wnerein said average 
pore diameter is less than or equal to about 10 nm. / 

3. The mesoporous silica film as recited in claim 1, wherein said thickness 
has a standard deviation less than +/- 5%. / 

The mesoporous silica film as rented in claim 1, wherein a porosity of 
esoporous silica film is disordered. / 

5. A mesoporous silica filriVhaving a thickness from about 0.1 |im to about 
1.5 |im and a standard deviation about said thickness, wherein said standard deviation is 
less than +/- 5%. / 

6. The mesoporous silica film as recited in claim 5, wherein a dielectric 
constant of said mesoporous silica film is less than 3. 

7. The me/oporous silica film as recited in claim 5, having a dielectric 
constant with a relative stability and an absolute stability. 

8. Tne mesoporous silica film as recited in claim 5, having an average pore 
size less than>or equal to about 20 nm. 

9. / The mesoporous silica film as recited in claim 5, having a porosity that is 
disordered. 
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10. A mesoporous silica film prepared from a surfactant containing sohjlkfrV 
comprising a porosity that is disordered, said porosity having an average^ofe iiameter 
of less than or equal to about 20 nm, and a film thickness^errfaEout 0.1 [im to about L5 



11. The me^ejJorous silica film as recited in claim 10, having a dielectric 
constant less th^Csaid dielectric constant having both a relative stability and an 
absolute £t£oility. 



12. A method of making a mesoporous film comprising the steps 

(a) combining a^ilkrarprectn^er^^h an aqueous solvent, a^falyst and a 
surfactant into a precursor solution; 

(b) spin/coating said precursor solution into a tfemnjdted film; 

(c) removing said aqueous solvent, said catalWand said surfactant from said 
templated film and forming a hydroxylated film with^sordereii porosity; and 

dehydrdxylating said hydroxylate^film and obtaining said mesoporous 



(d) 



film. 



13. The method as recitec^/m claim 12, wjvdrein said surfactant is a 
polyoxyethylene ether surfactant, 



14. TheWetlftod^s reckpdm claimjj^to ether 
surfactant is Ci2H25\(CtkcH 2 0)ioOH also known as Ci 2 EOt 0 or 10 lauiylether; 



C 16 H 3 3(CH 2 CH 2 0)k 



also known as CieEOio or 10 cetyl ether; Ci8H 37 



(CH 2 CH 2 0)ioOH^ls6 kiown as CigEOio or 10 stearyl ether; Ci 2 H 2 5(CH 2 CH 2 0) 4 QH also 



known as Ci 2 E04 or 4 h 



cetyl ether or combinations thereof. 



uryl ether; C 16 H33(CH 2 CH 2 0)20H also known as C 16 E0 2 oA2 



f5. 



[he metl 



i( d as recited in claim 12, wherein said surfactant isii 
combination wittfu^hermcal agent selected from the group ofa^eecfia surfactant, 
smaller hydrophilic molecul^compoun ds, and witt rqfganic co-solvents. 
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16. The method as recited in claim 15, wherein said second surfactant is 
selected from the group consisting of non-ionic surfactant, cationic surfactant,^nionic 
surfactant, amphoteric surfactant and combinations thereof. 



The pagfhod as recited in claim 16, whereinSai4 catigmc surfactant is an 
ammonium-bksed surfactant. 



10 



18. / \The method as recited in claim 1 5, wherein Aid smallerWdrophilic 
molecular cofrfcounds are selected from the group consoling of glycerol propylene 
glycol, and ethylene glycol. 



15 



20 



25 



19. 

selected from 



le method as recited in claim 16, wherein said org#hic co-solvents are 
[group consisting of mesity^ene, octane and combinations thereof. 



\ 



Jhk method as recited m claim 12, w^ein said silica precursor is 
I gjroup consisting of tetraeth^l, 
orthosilicate (TMOg), methyl triethoxy^i&ne, phenyl triethoxy silane, dimethyl 



20. 

selected from th 



thosilicate (TEOS), tetramethyl 



(TMO! 

dimethoxy silane triethya 



r^anS^ombinations thereo 



21 . The method'as recited in claim 12, wherein said aqueous solvent 
comprises ethanol anq^ater. 



22. 



/ 



The^method as recited in claim 12, wherein said acid is selected from the 
group consisting of inorganic acid, organic acid and combinations thereof. 



7 



23. ^The methd^ as recited in claim 12, wherein said precursor solution 
includes at least one other ^urfactant. 

24. The method as N recited in claim 12, wherein said precursor solvit^ 
30 includes at least one smaller hydropKilic molecular compound. 




25. The method as recited in claim 12 wherein said precursor solution 
includes at least one organic co-solvent. 
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26. The method as recited in claim 23, wherein said at least one other, 
surfactant is selected from the group consisting of non-ionic surfactant, cationrc 
surfactant, anionic surfactant, amphoteric surfactant and combinations thereof 

lod as reekedjn^claim 24, wherein said at lea^t one smaller 
hydropfiflic molecular compound is selected Ih^nthe group consisting of glycerol, 
propyl^n^ glycol, ethylene glycol and combinations thereof 

28\ The method as recited in claim 25, wherein said at least one organic 
co-solvent \s selected from the group consisting of m^itylenjb, octane and combinations 
thereof. 



29. \ The method as recited in clain/12, wja^rein dehydroxylating occurs in the 

>iind 



presence of a silicon-based organic compot 



the vapor phase. 



Sited/in claim 29, wherein the silicon-1 



organic 




30. tThe method ; 
compound is a silane. 



31. The method a^/recited in claim 30, wherein the silane is selected 
from the group consisting of trimethyl iodosilane, trimethyl chlorosilane, dimethyl 
dimethoxy silane, \demethyl dichloro silane, hexaphenyl disilazane, diphenyl tetrameth) 
silazane and hexanrethyl disilazane . 

32. A mefliod of making a mesoporous film with a surfactant containing 
solution, the method comprising the steps of: / 

(a) combining a silica precursor with an aqueous solvent, a catalyst and a / 
surfactant that is a poly©xethylene ether surfactant into a precursor solution; / 

(b) spin coWing said precursor solution into a templated film; S 

(c) removing J^kiaqueous solvent, said catalyst and said surfaefant forming a 
hydroxylated film having pmrosity; and ~ 

I (d) dehydroxylating said hydroxylated film and obtaining said mesoporous 
film. I 
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33. The method as recited in claim 32, wherein said polyoxyethylene eth^ 
surfactant is C12H25 (CH 2 CH 2 0)ioOH also known as C12EO10 or 10 lauryl ether;^ 
lHCH 2 CH20)ioOH^tso^aQwi^s Ci 6 EOi 0 or 10 cetyl ether; Ci 8 H 37 
I 2 CH 2 O)i 0 OH also known as Ci 8 EO^&isL0 stearyl ether; Ci 2 H 25 (CH2CH 2 0) 4 OH also 
knoWn as Ci 2 E0 4 or 4 lauryl ether; Ci 6 H 33 (CH 2 CT5>p) 2 OH also knoyh as Ci 6 E0 2 or 2 
cetyl\ether or combinations thereof. 

1 34. The method as recited in claim 32, whe^ein'said porosity is disordered as 
indicated by an absence of an x-ray diffraction pe^Ciryme range of 2 to 6 degrees 2- 
theta. 

33. The me^otfasjxc itod in clai i fri 32, wlae csinsaid porosity is disordered, 
lacking a iegatafgeometric arrangement'of pores, and the pore stricture is characterized 
by an x-ra| diffraction peak between/about 0.75 and about 2 degrees 2-thet 



36. I The method as incited in claim 32, wherein said precursor solution 
includes at least one other surfactant. 

37. \ The method as recited in claim 32, wherein said precursor solution 
includes at least one smaller hydrophilic molecular compound. 



he method as recited in claim 32, wherein said precursor sohiti 




includes at least\qne organic co-solvent. 



itgd m claim 32, wh ergin-samprecursor solution 
includes an agent selected from the group consisting of a second surfactant, a smaller 
hydrophilic molecular compound, an organic co-solvent and combinations thereof. 
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40. The method as recited in claim 36, wherein said at least one other 
surfactant is selected from the group consisting of non-ionic surfactant, catLemic 
surfactant, anmrdc- surfact^ it.^agiphoteric surfactant and combinations thereof. 



hydrophiii 
propylene 




The method as recited in claim 37, wherein said^fi least one smaller 
molecular compound is selected from the grohg^onsisting of glycerol, 
glycol, ethylene glycol and combinations thereof. 



42 

solvent is sb 
thereof. 



43 
selected 
surfactant, ai 



from 



The method as recited in claim 38,/frherein said at least one organic co- 
ected from the group consisting o£^nesitylene,/ctane and combinations 



The method as recited in/claim wherein said second surfactant is 
the group consisting of^p^fonic surfactant, cationic surfactant, anionic 
nphoteric surfactanj>a$a combinations thereof. 



44. \ Tb^ftethod as recited in claim 39, wherein said smaller hydrbphilic 
molecular compound is selected from the group consisting of glycerol, propylene§[ycol, 
ethylene glyco\ and combijmtions thereof. 

45. 1\he method as recited in claim 39, wherein said organic co-solvent is 
selected from th^ gro/p consisting of mesitylene, octane and combinations thereof. 

46. Th¥ method as recited in claim 32 wherein said silica precursor is selected 
from the group assisting of tetraethyl orthosilicate (TEOS), tetramethyl orthosilicate, 
methyl triethoxysilane, phenyl triethoxy silane, dimethyl dimethoxy silane and 
combinationsAhere©f. 



47. J The r^ethod as recited in claim 32 wherein said aqueous solvent includes 
ethanol. 

The meVhod as recited in claim 32, wherein said cat^lygf is selected from 
the group consistifrg^q Ainorganic acid, organic ar id-aftdn^rfih^ thereof. 
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49. The methorj, as recited -inxlaim 48, wherein said organic acidjs 
carboxylic acid selected from the group consisting of methanoic acij^foraiic acid), 
ethanoic acid (acetic acijd) ? ethandioic acid (oxalic acid), butajKJic acid (butyric acid), and 
combinations thereof. 



50. The method 
occurs in the presence o: T 



5 1 . The meth 
compound is a silana 



aa-recited in cjalm 32, wfe*em dehydroxylating 
a silicon-ha^ed organic compound lh^he vapor phase. 

as recited in claim 50, wherein the silicon-based organic 



52. /The method ks recited in Claim 51, wherein the^gflane is selected 
from the gfoup consisting Mtrimethyl iodosilane^tmseth^l chlorosilane, dimethyl 
dichlon/silane, hexaphenyl djjjsilazane, diphenyl tetramethyl silazane and hexamethyl 
disilazane. 



53. A mesoporous silica film made by the method of claim 32, comprising: 
a disordered porosity, lacking a regular geometric arrangement of pores, and 

characterized by an x-ray diffraction peak between about 0.75 and about 2 degrees 2- 
theta; 

a dielectric constant less than 3.0 that is stable; 

a film thickness from about 0.1 jam to about 1.5 (am; and 

an average pore diameter less than or equal to about 20 nm. 

54. A mesoporous silica film made by the method of claim 32, comprising: 
a disordered porosity as indicated by an absence of an XRD peak in the range 

from 2 to 6 degrees 2-theta; 

a dielectric constant less than 3.0 that is stable; 

a film thickness from about 0.1 jam to about 1.5 jam; and 

an average pore diameter less than or equal to about 20 nm. 

55. A mesoporous film made by the method of claim 12, comprising: 
a dielectric constant less than 3.0 that is stable; 
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a film thickness from about 0.1 fj,m to about 1.5 |im; and 
an average pore diameter less than or equal to about 20 nm. 

56. A method of m aking a mesopo rous film comprising the steps of* 
combining a silica precursor^klj^an aqueous solvenj^an acid and 

a pol^4pxethylene ether surfactant into a precursor solution; 

| (b) spin-coating said precursor solution into a^terfiplated film; 

(c) removing said aqueous solvent, said acjdanq said surfactant 
forming a hydroxylated film; and 

(d) dehydroxylating said hydroxyl^t&d film ancj/obtaining said 
mesopofous film. 

57. The method as recited in cla^ 56, whpf^in said polyoxyethylene ether 
surfactant is C12H25 (CH 2 CH 2 0)ioOH algo laicwrfas C12EO10 or 10 lauryl ether; 
Ci 6 H33(CH2CH2b) 10 OH also knowir^ C^O w or 10 cetyl ether; Ci 8 H 37 
(CH 2 CH 2 O)i 0 O^ also known as gfoOio or 10 stearyl ether; C^sCC^CHsO^OH also 
known as C^EO^ or 4 lauryl^ier; Ci6H33(CH2CH 2 0)20H also known as C16EO2 or 2 
cetyl ether or combinations ^hereof. 

58. THe method as recited in claim 57, wherein said pblyoxyethylene ether 
surfactant is in combination with other small surfactants, with smallerljydrophilic 
molecules, and wqth organic co-solvents. 



59. / Tjhd method as recited in claim 58, wherein said small surfactants are 
ammoniujji-baseld surfactants. 

60. Thertmethod as recited in claim 59, wherein said ammonium-J^ased 
surfactants are cetyl trimethyl ammonium chloride. 




61. The method as recttedojxclaim 58, wherein saidjjjnfflTer hydrophilic 
lolecules are selected from the group consisting of glycerol, propylene glycol, and 
/ethylene glycol. 
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62. The method as recited in claim 58, wherein said organic co-solvenjs^re 
selected from the grouj^Sonsisting of mesitolene and octane. 



63. The mfethod as recited in claijA 56^h€rein said silica precursor is 
tetraethyl orthosilicateWTEOS). 



64. The mejpoda^recited in claim 5(v>*(herein said aqueous solvent 
comprises ethanol and4vater. 

65/^ The method as'reciled in claim"35Twherein said acid is hydrochloric acid. 



66. A mesoporous film having a dielectric constant less than 2.5, a film 
thickness from about 0.2 \im to about 1.5 urn, and an average pore diameter less than or 
equal to about 5 nm. 



67. A mesoporous film having a thickness from about 0.2 |im to about 1 .5 nm 
and a standard deviation about said thickness that is less than +/- 5%. 



68. A mesoporous silica film prepared from a surfactant containing solution, 
having a dielectric constant less than 3 that has both a relative stability and an absolute 
stability in a humid atmosphere, a film thickness from about 0.1 |xm to about 1.5 nm, an 
average pore diameter less than or equal to about 20 nm, and a porosity that is 
disordered. 



69. The mesoporous silica film as recited in claim 68, wherein disordered is 
indicated by the absence of an X-ray diffraction peak in the range of about 2 to about 6 
degrees 2-theta. 



70. The mesoporous silica film as recited in claim 68, wherein 
disordered porosity is characterized by an X-ray diffraction peak between about 0.75 
and about 2 degrees 2-theta. 
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71. 

(a) 

and a surfactant intc > 
(b) spin 



A method of making a mesoporous film comprising the 
com 1 



Qtnnga silica precurs5rs*4th an aqueous solvent, a^atalyst 
a precursor solution; 

coating said precursor solution intb a temfffated film; 



(c) remc ving said aqueous solvent, said c^tal^t and said surfactant 



72. 



The 



silane. 



from said templatec film and forming a hydra^yTatp<f film; and 

(d) dehydroxylating said^feydr^ ylat^d film ^itfi^a gaseous silicon-based 
organic compound dndj©fef3mmg said mespffcrous film. 



method of claim/71, wherein the silicon-based organic compound is a 



73 . The/metWl of claim 7 1 , wherein said dehydroxylation of said 
occurs in alternatipg^xposures of said film to a vacuum and to the gaseotfs silane. 

74. /flhlbi tnethod of claim 71, wherej iusaid^ilane is selected 
from the gj/6up fcjbnsisting of trimethyl iodosilane, trimethyl chlorosilane, dimethyl 
dimetho^y silane, dimethyl dichloro silane, hexaphenyl disilazane, diphenyl tetramethyl 
silazanfe and hexamethyl disilazane. 
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